Introduction
Diabetes mellitus is a metabolic disorder constituting a major health concern today whose prevalence has continuously increased worldwide over the past few decades. Moreover, it has been considered as an incurable metabolic disorder affecting about 4.4% of the global population.
[1] It is primarily characterized by chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action, or both. [2, 3] Despite the availability of conventional anti-diabetic drugs and insulin, morbidity and mortality due to complications of diabetes is high. Furthermore, cost and adverse effects like hypoglycemia are major issues for anti-diabetic drugs. Hence, the search of new drugs for diabetes mellitus associated dyslipidemia continues along traditional and alternative medicine, which should be more effective with fewer adverse effects. [4] Extraction Dried and pulverized leaves (400 g) of L. inermis were extracted by cold maceration with 50% v/v methanol for 72 h with solvent changes at every 24 h (5 L solvent/per change). The collected solvent was decanted, pooled together and filtered through tightly packed cotton wool to remove suspended particulate matter. The solvent was then evaporated at 40°C under reduced pressure (Buchi R-220 Rotary Evaporator) till a semisolid residue was obtained.
Animals
Male Wistar rats, of approximately same age (12-14 weeks old), weighing about 150-180 g, obtained from Central Animal Facility, AIIMS, New Delhi were used for the study. They were housed in polypropylene cages at 23 ± 2°C with a 45-55% of relative humidity and exposed to alternate cycles of 12 h light and darkness. The animals were allowed to adapt to the environment for a week prior to experimentation with free access to water and standard diet for laboratory animals. Before experimentation, animals were kept on fasting overnight with free access to water. The experimental protocol was reviewed and approved by the Institutional Animal Ethics Committee (IAEC), All India Institute of Medical Sciences, New Delhi, India (IAEC approval no. IAEC/597/2010 dated 3 rd May 2011).
Chemicals
Alloxan was purchased from Sigma-Aldrich Co., St. Louis, MO, USA and insulin from Novo Nordisk, Denmark. All the biochemicals used in this study were obtained from E. Merck (India) Pvt. Ltd., Mumbai, and were of analytical grade.
Acute toxicity (LD 50 ) test
The acute oral toxicity test (LD 50 ) of LIHE was performed as per Organization for Economic Cooperation and Development (OECD-425) Guidelines. [13] A limit test (2000 mg/ kg body weight) was done for hydroalcoholic extract by using five male Wistar rats (150-180 g). Animals were administered a dose of 2000 mg/kg body weight of the extract and observed for signs of mortality for a period of 48 h.
Twenty-eight day sub-acute oral toxicity study
Evaluation of 28 days oral toxicity of the extract was carried out according to OECD Guidelines for testing of chemicals-407. [14] Two groups of Wistar rats of both sexes (n = 10, five female and five male rats) were used in the study. Group I received vehicle (2 ml/kg, 1% gum acacia orally) and served as normal control, group II received LIHE (1200 mg/kg orally). Vehicle/ test was administered daily for 28 days. Body weight was recorded on days 1, 7, 14, 21, and 28. At the end of 28 days, rats were sacrificed after an overnight fasting, under diethyl ether anesthesia. Blood was collected for hematological and biochemical analysis through the retro-orbital sinus. The liver, kidney and heart were harvested immediately, and organ weights were measured. The liver and kidney were then fixed in 10% formalin for histopathological examination.
Alloxan induced hyperglycemia
Eight groups of male Wistar albino rats (n = 6) were used in the study. Animals were fasted overnight with free access to water before the experiment. The rats were treated with a single dose of 120 mg/kg alloxan monohydrate (intraperitoneal injection), dissolved in normal saline and was injected immediately within few minutes to avoid degradation. 5% glucose solution was given overnight to the animals to prevent hypoglycemia. The development of hyperglycemia in rats was confirmed by estimating blood glucose level, 72 h post alloxan injection. The rats with blood glucose level above 200 mg/dL were considered diabetic, and only diabetic rats were included in the study. Thereafter group I received 2 ml/kg 1% gum acacia suspension and served as the normal control, group II served as diabetic control (vehicle-treated diabetic rats) and groups III, IV and V received LIHE at doses of 100, 200 and 400 mg/kg body weight, respectively by oral gavage. Groups VI, VII and VIII received insulin (1 IU/kg), glibenclamide (2.5 mg/kg) and metformin (100 mg/kg) and served as a positive control. Vehicle, LIHE, insulin, glibenclamide, and metformin were administered once daily for 21 days from the day of the start of the experiment. Blood samples were taken on day 0, 7, 14, and 21 by puncturing the retro-orbital sinus under mild ether anesthesia for hematological and biochemical estimation. [15] Oral glucose tolerance test in rats Animals were divided into eight groups (n = 6) and were fasted overnight with free access to water ad libitum. Group I received 1% gum acacia (2 ml/kg) and served as normal control, group II served as diabetic control (glucose at a dose of 2 g/kg). In groups III, IV and V, rats were fed with glucose (2 g/kg), 30 min after the administration of LIHE (100, 200 and 400 mg/kg) respectively. Thereafter, groups VI, VII and VIII received glucose (2 g/kg), 30 min after the administration of insulin (1 IU/kg), glibenclamide (2.5 mg/kg) and metformin (100 mg/kg) and served as positive control. Blood samples were taken from the retro-orbital sinus under mild ether anesthesia at 30, 60, 90, and 120 min of glucose administration on the end of 21 st day. Blood samples were centrifuged at 2000 rpm and serum was separated from each sample. All animals were then sacrificed, and their liver and kidney were preserved in 10% neutral buffered formalin for histopathological examination. [16] Biochemical assays Stored serum samples were analyzed for glucose level on days 0, 7, 14, and 21 using the kits available from Vital Diagnostics (P) Ltd., India. Estimation of serum total cholesterol (TCH), serum triglyceride, serum high density lipoprotein (HDL), total plasma protein (TP), plasma albumin and serum creatinine was done on days 0, 7, 14, and 21 using the method described by Friedewald's formula, 1972. [17] 
Statistical analysis
Statistical analysis was performed using GraphPad InStat software, Inc. CA 92037 USA. Data obtained were expressed as mean ± standard error of the mean. The data were analyzed using one-way analysis of variance, and the group mean were compared by Dunnett's multiple comparisons. Values were considered as statistically significant at P < 0.05.
Results
Results of toxicity studies showed that in LIHE treated group, >50% of the animals survived, which concludes that the oral LD 50 of the plant extract is more than 2000 mg/kg body weight. In sub-acute oral toxicity study, no abnormalities were seen in hematological parameters and biochemical parameters in 28 days of the administration of LIHE. However, bleeding time showed a significant increase in LIHE treated group compared with normal control. The treatment of LIHE in sub-acute toxicity study did not show any significant toxicological changes as observed by histopathological examination in liver and kidney tissues. LIHE in the doses of 100 mg/kg and 200 mg/kg did not reduce blood glucose levels significantly in alloxan-diabetic rats as compared to diabetic control rats which signify that these doses are not efficacious in reducing elevated blood glucose in diabetic rats. The higher dose of 400 mg/kg of LIHE significantly (P < 0.01) reduced blood glucose levels in alloxan-induced diabetic rats when compared to diabetic control [ Table 1 ]. The percentage reduction of blood glucose at 400 mg/kg dose was 39.08% on day 21 as compared to base line (day 0), which is comparable to glibenclamide (44.77%) and metformin (46.30%), thus LIHE may act by potentiating the secretion of insulin from intact pancreatic β-cells or by increasing the consumption of glucose in peripheral tissues, or by both. In oral glucose tolerance test, LIHE treatment also showed significant improvement in glucose tolerance with a decrease in blood glucose started from 60 min of administration of LIHE [ Figure 1] . A significant decrease in TCH, triglycerides, low-density lipoprotein (LDL), and very LDL (VLDL) levels, and an increase in HDL level were seen [ Table 2 ] and a significant increase in plasma albumin and TP were also observed [ Table 3 ]. Histological examination of liver and kidney did not reveal any pathological changes in sub-acute toxicity study [ Figure 2 and 3].
Discussion
Alloxan (2,4,5,6-tetraoxypyrimidine) is a toxic glucose analogue, which selectively causes destruction of pancreatic β-cells, provoking a state of primary deficiency of insulin and thus producing a hyperglycemic condition. [18] It has been used as an experimental agent to induce diabetes mellitus in Wistar rats but due to the reported high incidence of ketosis and resulting mortality, low dose (120 mg/kg) of this agent was used. The animals developed significant hyperglycemia, hyperlipidemia, and other symptoms of uncontrolled diabetes mellitus within 72 h of administration of alloxan and this persisted till the end of the experimental period of 21 days. [19] The animals also showed increased serum creatinine, decreased plasma albumin and TP, most probably due to muscle wasting or due to complications associated with diabetes mellitus. Plasma albumin concentration is a predictor of hemoglobin A1c among type II diabetic patient. In present study, the blood sugar level was increased subsequent to alloxan administration, due to excess production of reactive oxygen species leading to cytotoxicity in pancreatic β-cells which reduces the synthesis and release of insulin, while affecting organs such as liver, kidney, pancreas and hemopoitic system. [20] The findings of the study revealed that LIHE treatment significantly reduced the blood glucose level and serum lipid level in the diabetic-treated rats. The reduction in glucose level may be due to insulin release that was impaired due to pancreatic beta-cell destruction by alloxan.
In addition to altered glucose homeostasis in diabetic rats, dyslipidemia was evident by increased triglycerides, TCH, LDL and by decreased HDL levels. [21] The significant reduction in triglyceride and cholesterol levels of LIHE-treated rats indicates its beneficial effect on fat metabolism, thus improving dyslipidemia. Hyperlipidemia is mostly coupled with hyperglycemia. High levels of triglycerides and LDL cholesterol are associated with high risk of coronary dysfunction, whereas increase in HDL cholesterol is associated with a decrease in coronary risk. [22] The main cause of the lipid changes associated with diabetic dyslipidemia is the increased free fatty-acid release from insulin-resistant fat cells. [23, 24] The increased flux of free fatty acids into the liver in the presence of adequate glycogen stores promotes triglyceride production, which in turn stimulates the secretion of apolipoprotein B and VLDL cholesterol. Thus, the continuous treatment of diabetic rats with L. inermis for a period of 21 days normalizes all the parameters attributing the anti-dyslipidemic activity of plant. This could be due to the presence of some biomolecules present in the plant extract that might have stimulated the beta cells of Langerhans to release insulin, leading to the improvement in the carbohydrate metabolizing enzymes and thus establishing normal blood glucose level. [25] The probable mechanism behind hypolipidemic action in diabetic rat may be by potentiating the insulin effect of plasma by increasing either the pancreatic secretion of insulin from the existing beta cells or by its release from the bound form. In recent years, considerable interest has been directed towards the investigation of plasma lipids and lipoprotein pattern in diabetes mellitus due to the fact that abnormal lipid level leads to the development of coronary artery disease in diabetic patients.
Conclusion
Lawsonia inermis hydroalcoholic extract showed significant anti-hyperlipidemic effects in diabetic rats, thus endorsing its potential to be used in treatment of diabetes mellitus. The observed effects emphasize the importance of isolating the active molecule (s) from the hydroalcoholic leaf extract of L. inermis and explore the possible mechanism of its anti-hyperlipidemic activity.
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